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ABSTRACT 
In the new communication era, signal will be transmit to the receiver via wireless. However, the 
signal might be loss during the transmission. Therefore, the signal received at the receiver are 
totally not originally from the transmitter. In some cases the signal must be amplified. This 
project will focuses.on the concept of wireless optical in receiver communication system. The 
objectives of this project is to design a receiver amplifier using hybrid bandwidth enhancement 
in the approximately of Giga hertz range. The project involve developing a prototype of the 
designed receiver amplifier in PCB and to simulate the receiver amplifier using any existing 
electronic Software such as Micro-Cap, P-Spice and etc. The configuration of this design 
receiver is by using combination of bootstrapping and cascode technique. Bootstrapping 
technique offers the reduction on the photodetector capacitances which is the main limiting 
factor for the bandwidth of optical wireless front-end receiver. While, the cascode technique is 
used to arrange the electrical components such as transistor. The cascode is a two-stage amplifier 
composed of a transconductance amplifier followed by a current buffer. Compared to a single 
amplifier stage, this combination may have one or more of the following advantages: higher 
input-output isolation, higher input impedance, higher output impedance, higher gain or higher 
bandwidth. The achievement of this project, is using Bootstrap Amplifier with Double Peaking 
Coil has been designed and fabricated. The cut-off fiequency for this circuit is 400MHz. 
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CHAPTER 1 
INTRODUCTION 
Free Space Optic (FSO) or optical wireless link operates in high noise environment. On the other 
hand, the performance is subjected to several atmospheric factors like environment temperature, 
fog, smoke, haze and rain. Signal-to-noise can (SNR) can vary radically with the distance and 
ambient noise [I]. FSO require a large aperture and thus, the receiver is required to have large 
collection area, which produces a high input capacitance that will reduce the bandwidth [2]. 
Many circuit configurations has been developed which can extend the performance of an optical 
detector system front end. The primary application of such a system is for optical wireless 
communications, in which the device capacitance, combined with transit time effects, can prove 
to be serious shortcoming in terms of optimizing the bandwidth.131 Alternatively bandwidth can 
be traded for increased sensitivity, at the same bandwidth as the high impedance approach. With 
reference to a high impedance amplifier using the bipolar transistor, the original bandwidth and 
5,' the final bandwidth delivered by the amplifier developed reached almost Giga Hz, an 
improvement in gain bandwidth product, but unfortunately this gives rises to noise will affect the 
receiver amplifier. Therefore the fundamental of designing wireless receiver are achievement of 
large and sensitivity bandwidth. Besides that, gain is also one of important part to become a good 
amplifier receiver. 
1.1 Problem Statements 
consequently, large area photo detector produces a high input capacitance that will be reduced 
the bandwidth. Hence, techniques to reduce the effective detector capacitance are required in 
order to achieve a low noise as well as wide bandwidth design [2]. In this project, modeling and 
analysis of the series and shunt with floating source: and series shunt bootstrap transimpedance 
amplifier (BTA) of front-end receiver for input capacitance reduction will be presented. In this 
project presented several techniques to broaden the bandwidth such as Transimpedance amplifier 
using an FET, Bootstrap amplifier using FET Transistor, Bootstrap amplifier by using BFR540, 
Cascode bootstrap amplifier by using BFR540, Bootstrap amplifier with peaking coil and 
Bootstrap amplifier with double peaking coil. 
1.2 Project Objectives 
The project objectives are: 
1. To design a receiver amplifier using hybrid bandwidth enhancement in the range 
of approximately Giga hertz. 
. . 
11. To simulate the receiver amplifier using any existing electronic Software such as 
Micro-Cap, P-Spice and etc. 
. . . 
111. To develop and fabricate a prototype of the designed receiver amplifier. 
1.3 Project Scopes 
This project is focused towards the concept of optical wireless receiver amplifier 
communication. First of all, a circuit will be designed to meet the objective for having a receiver 
circuit bandwidth enhancement capabilities. Bootstrap technique will be one of the technique 
incorporated in the designed circuit. The designed receiver amplifier circuit will be simulate 
using Micro-cap electronic software. Then the designed circuit will be fabricated and test using 
photodetection as the input device or direct analog signal. Lastly the hardware and simulation 
result will be compared to verify the result. 
1.4 Expected Result 
The expected result of this project is to design a receiver which will have a cutoff frequency in 
Giga Hertz range. The main objective is to obtain the original signal with noise reduction and 
bandwidth improvement. 
1.5 Report Outline 
The objectives, scopes and the expectation result for this project will be explained in Chapter 1. 
Then, Chapter 2 will present the entire concept or technique that has been used by other 
researcher and the theory that will be use in designing this project. Chapter 3 will focused on the 
techniques that will be use in designing this project such as bootstrap technique, cascade 
technique and others. This chapter will also present the simulation output of the design circuit 
using Micro-cap software. In Chapter 4, the fabricated prototype circuit will be presented. The 
fabricated prototype circuit is based on the selected circuit that has been chosen depending on the 
simulation result which is mention in Chapter 3. The hardware measurement is determining the 
3: ' 
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cutoff frequency for the design circuit will be analyses in Chapter 5. All the findings and 
comparison between software simulation and hardware measurements will be conclude in 
Chapter 6. 
CHAPTER 2 
LITERATURE REVIEW 
Optical wireless is the combined use of "optical" (optical fiber) and "wireless" (radio frequency) 
communication to provide telecommunication clusters of end points which are geographically 
distant. The optical fiber is used to span the longest distances, and then a wireless link transmits 
the signal to nearby houses. In telecommunications, Free Space Optics (FSO) is an optical 
communication technology that uses light propagating in free space to transmit data between two 
points. The technology is useful where the physical connections by the means of fiber optic 
cables are impractical due to high costs or other considerations [7]. Therefore the semiconductor 
photodiode are used for the receivers in virtually all optical communication systems. Photodiode 
are solid-state devices which perform the inverse operation of light emitting device in example 
. they covert the incident radiant light into an electrical current or voltage [Steve Hranilovic, 
20041. Besides that, photodiode are essential reverse diode on which the radiant optical energy is 
incident and sensitivity to light [6]. 
2.1 Basic Concept of Optical Wireless 
Optical wireless links transmit information by employing an optoelectronic light modulator, 
typically a light emitting diode (LED). The up and down- conversion from baseband frequencies 
to transmission hequencies is accomplished without the use of high frequency RF circuit design 
techniques, but accomplished with inexpensive LEDs and photodiodes. The transmission of 
wireless optical refers to the transmission of modulated visible or IR beams through the air to 
obtain optical communications. Like fiber, FSO uses laser to transmit data, but instead of 
transmitting data in a glass fiber, it is transmitted through the air. It is a secure, cost effective 
alternative to other wireless connectivity options. The basic structure of an optical receiver is 
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similar to that of a direct detection RF receiver: a low-noise preamplifier, the front-end 
(photodiode), feeds further amplification stages, the post-amplifier, before filtering and further 
signal processing [I]. In direct detection optical communication systems, the optical signal 
incident on the photodiode is converted into an electrical current, which is then amplified and 
further processed before the information carried by the optical signal can be extracted as shown 
in Figure 2.1. 
Figure 2.1 : Block diagram of direct detection channel. 
2.2 Photodetectors 
Photodetectors are sensors of light or other electromagnetic energy. It detects and measures the 
output of a laser or other typical source. A photodetectors is a device that can provide an 
electrical response that is a useful measure of incident electromagnetic radiation. They are 
important in almost all laser and electro-optic systems. The photodetector receives the incident 
light and converts it into a response that can be measured. This response or output is usually 
electrical in nature. It gives a measure of the intensity or irradiance of the incident light. 
A photodetector converts light energy into electrical energy, which is the reverse energy 
conversion to a laser. One of the main considerations in building a system to record the signal 
from such a source is the choice of a proper detector to meet certain requirements. In choosing an 
optical detector, it must be consider many factors that may influence the measurement. 
Manufacturers of photodetectors have in general followed international standards of 
measurement in describing thqse characteristics. Photodetectors are used along with lasers in 
most practical applications of laser technology. Knowledge of photodetectors and their use is 
extremely important for the laser technician [I 01. 
Photodetectors are commonly constructed by silicon (Si) , Ge, GaAs, InAs and InGaAs. 
Since the bandgap of silicon are preferred over direct bandgap material. Therefore, there are two 
type of photodetector commonly used which is p-i-n photodiode and avalanche photodiode [6]. 
2.2.1 P-I-N Photodiodes 
A p-i-n photodiodes are constructed by placing a relatively large region of intrinsic 
semiconducting material between p+ and n+ doped region as illustrated in Figure 2.2. Firstly, 
when the incident photon is arrived upon an anti-reflective coating which can improve the 
coupling of energy from the environment into the device. The photons then proceed into p+ layer 
of the diode. And then the thickness of the p+ layer is made much thinner than the absorption 
depth of the material so that a majority of the incident photons arrive in the intrinsic region. The 
incident light will absorbed in the intrinsic region and then will produce free carriers which are 
photon [7]. 
AntireHeclion Coating 
Figure 2.2: Structure of a simple silicon p-i-n photodiode 
From the constructed P-I-N photodiode, materials used in construction is silicon. Second 
order effects appear when the device is operating at high frequency as a result variations in 
transport of carrier through the high-field region. These effects become prevalent at frequencies 
above approximately Giga Hertz and do not limit the linearity of links at lower frequencies 
operation. The P-I-N photodiode behaves in an approximate linear fashion over a wide range of 
input optical intensities. 
2.2.2 Avalanche Photodiode 
An avalanche photodiode is a semiconductor-based photodetector (photodiode) which is 
operated with a relatively high reverse voltage (typically tens or even hundreds of volts), 
sometimes just below breakdown. The basic construction of avalanche photodiodes (APDs) is 
very similar to that of p-i-n photodiode as illustrate in Figure 2.3. The difference is that for every 
photon which is absorbed by intrinsic layer, more than one electron-hole pair may be generated. 
Figure 2.3: Structure of a simple avalanche photodiode 
The process by which this gain arrives is known as avalanche multiplication of the 
generated carriers. A high intensity electric field is established in the depletion region where they 
excite free electrons and holes. This field accelerates will be generated carrier so that collisions 
with carriers. The newly generated carrier is also accelerated by the field, repeating the impact 
generation of carriers. In wired fiber network, the applying effect of APD's improves the 
sensitivity of the receiver allowing for longer distances between repeater and transmission line 
[7 ] .  The disadvantages of this scheme is that the avalanche process generates excess shot noise 
due to the current following in {he devices. The excess noise can degrade the operation of some 
free space links since a majority of the noise present in the system is due to high intensity 
ambient light. The avalanche gain is a strong non-linear function of bias voltage and temperature. 
The primary use of these devices is in digital systems due to their poor linearity. 
2.3 Gain 
Gain is a measure of a system response to feedback. In electronic, gain is a measure of the ability 
of a circuit to increase the power or amplitude of a signal. It is usually defined as the mean ration 
of the signal output of a system to the signal input of the same system. The unit of the power 
gain in decibel (dB), is defined by the logarithm equation rule as follows: 
Pout Gain = 10 log (-) dB 
P  tn 
When power gain is calculated using voltage instead of power input and output: 
V o u t  Gain = 20 log (-) dB 
V t n  
In the same way, when power gain is calculated can be using current input and output: 
.: 3 
. , 
Gain = 20 log (E) dB 
I i n  (2.3) 
2.4 Bandwidth 
In electronic telecommunication, bandwidth is a portion of the electromagnetic spectrum 
occupied by the signal of a frequency range over which a receiver or other electronic circuits 
operate. Besides that, there is difference between upper and lower limit frequency, limit of the 
signal, or equipment operation range. Since, the frequency of a signal is measured in hertz (the 
number of cycles of change per second), in the simulation, bandwidth can be calculated based on 
the maximum frequency taken fiom -3dB [2]. Nowadays, many techniques to increase the bit 
rate using the same bandwidth, .for example in case of the Mobile communications and cellular 
technology, frequency reuse are the most important revolutionary steps to provide mobile 
to many numbers of users. 
2.5 Optical Front-End Architectures 
Fundamentally, the fiont-end of an optical receiver responds to an optical signal by generating a 
photocurrent with a,photodetector. The photocurrent is then converted into voltage. Electronic 
signal processing stages process the recovered voltage to extract the desired information. The 
dimensions of the transfer function associated with the front-end will consequently be volts per 
amp or ohms. So, the transfer functions of virtually all optical receivers are actually 
transimpedance in nature. An optical receiver's front-end design can usually be grouped into 
three basic configurations [2] : 
a) Low-impedance voltage amplifier 
b) High-impedance amplifier 
,: 3 
" c) Transimpedance amplifier 
Any of the configurations can be built using contemporary electronic devices such as 
operational amplifiers, bipolar junction transistors, field-effect transistors, or high electron 
mobility transistors. The receiver performance that is achieved will depend on the devices and 
design techniques used. 
2.5.1 Low-Impedance Voltage Amplifier 
A simple optical receiver front-end consists of a photodetector, a load resistor and a low input- 
impedance voltage amplifier. The photodiode can be either AC coupled or DC coupled to the 
amplifier as shown in Figure 2.4, In the AC coupled amplifier, a separate load resistor is used to 
derive a voltage proportional to the photocurrent and to provide a path for the DC photocurrent 
to flow. The low-frequency components of the photocurrent see a load resistor Rl while the high- 
frequency see a load resistance that is the parallel combination of Rl and the amplifier input 
impedance Z,,. There are a wide variety of commercially available high gain wideband 
amplifiers that are AC coupled. 
Figure 2.4: AC coupled low-impedance voltage amplifier 
2.5.2 High-Impedance Amplifier 
The high-impedance amplifier is an approach that substantially reduces the effect of the thermal- 
noise of the load resistor, resulting improved sensitivity. The high-impedance receiver is based 
on a technique that has been successfully used over other capacitive current sources such as 
silicon tubes and is descended fi-om vacuum tube amplifiers. Figure 2.5 shows a simple high- 
impedance amplifier configuration. The basic design principle is to load the current-source with 
as large impedance as possible. This will maximize the amount of voltage developed at the input 
of the amplifier, since the voltage is maximized, the effects of any amplifier noise sources will be 
reduced. In general, the high-impedance receiver results in the lowest noise baseband front-end 
that can be realized without extraordinary effort where the low-noise is obtained by making the 
load resistor as large as possible. 
Figure 2.5: High-impedance amplifier 
2.5.3 Transimpedance Amplifier 
optical engineering is a fast-growing field. Optical systems are approaching data rates as high as 
40 Gbls. These data rates have necessitated intensive research and development activities in the 
field of optoelectronics. The optoelectronic field deals with the transition between optical and 
electrical components. The transimpedance amplifier is the most suitable preamplifier 
configuration used in optoelectronic receivers. Many specifications exist for the transimpedance 
amplifiers, but impedance conversion, gain, bandwidth, and noise figure are the defining 
specifications. The optical devices generally have input impedances that vary significantly from 
the impedance levels encountered in microwave circuits. Some of these optical devices have 
impedances ranging from 5 to 25 a. These optical impedances require transformations to 
impedances of microwave circuits at the optoelectronic transition. The other defining 
specification is the gain. Optical signals converted to electrical signals generally are at relatively 
low levels in the beginning stages of a receiver. It is necessary to increase the signal amplitudes 
to more acceptable levels. Therefore, a transimpedance amplifier can be defined as an amplifier 
that provides gain as well as impedance transformation. Bandwidth is a high priority in 
transimpedance amplifiers. Unlike conventional microwave amplifiers, these amplifiers have to 
". ' 
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maintain an acceptable response down to very low frequencies and still perform satisfactorily at 
high frequencies. The low frequency response must extend as close as possible to zero Hz. This 
aspect of the transimpedance amplifiers is usually the primary focus in the design. It is very 
difficult to maintain a flat gain versus frequency response at low frequencies when the upper 
frequency goes into the GHz region. Device inadequacies and bias networks commonly limit the 
lowest achievable frequency. The transimpedance design uses a feedback to reduce input 
impedance, where this will permit fast response due to the low effective input RC-time constant 
and low thermal noise since Rf can be made large. The result is that the RC-time constant 
limitation is multiplied by the amplifier gain and the signal output is a function of the size of the 
feedback resistance. The transimpedance amplifier has a wide range but is limited in noise 
performance or frequency response. 
Figure 2.6: Typical circuit configuration of TIA 
The standard transimpedance amplifier comprises an op-amp of gain A(s) with feedback resistor, 
Rf and feedback capacitor, Cf as shown in Figure 2.7. The signal source is represented by a 
current generator, Id in parallel with a capacitance, Cin and resistance, Rs. The capacitance, Cin, 
represents both the source capacitance (photodiode capacitance, Cd) and the input capacitance of 
the op-amp (C,). Negative feedback causes the op-amp to look at its input terminals and swing 
its output around so that the external feedback network brings the input differential to zero [6]. 
The output voltage needed to do this is the voltage across the feedback resistor, Rf, this being set 
. . 
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by the input current, the majority of which flows through Rf. The advantage of this circuit is that 
the inverting input is a virtual ground, thus the circuit presents almost zero load impedance to the 
current source. 
Figure 2.7: The transimpedance feedback amplifier 
The transimpedance amplifier comprises of an op-amp of gain, A with feedback resistor, Rf and 
feedback capacitor, Cf. The gain of the transimpedance amplifier can be expressed as below: 
2.5.4 Summary of Front-End Architecture 
Disadvantages 
High noise level 
Photo detector usually in a 
separate package 
Output voltage is the integral of 
the photo detector current 
Flat response requires 
equalization via pole zero 
cancellation 
Poor dynamic range 
Stray capacitance from 
feedback resistor often 
determines achievable 
bandwidth 
Noisier than high impedance 
but less than low impedance 
voltage amplifier. 
Front-End Type 
Low impedance 
voltage amplifier 
High impedance 
amplifier 
Transimpedance 
amplifier 
Advantages 
Simplicity 
Uses commercial microwave 
Good dynamic range 
Minimize the thermal noise in the 
receivers 
Often the lowest noise obtainable for 
a moderate bandwidth baseband 
receiver design 
High dynamic range 
Equalization generally not required 
Receiver response can be very stable 
over time, temperature, etc. due to 
desensitizing nature of negative 
feedback 
2.6 Feedback Amplifier 
Feedback is one technique to feedback a portion of the output signal which is current and voltage 
to the input source. Feedback in electronic circuit can divide by two types is negative and 
positive feedback [8]. Feedback can be used to extend the bandwidth of an amplifier at the cost 
of lowering the amplifier gain. Figure 2.8 shows such a comparison between with feedback 
( A 3 )  and without feedback ( A d .  A negative feedback amplifier, or more commonly simply a 
feedback amplifier, is an amplifier which uses negative feedback to improve performance (gain 
stability, linearity, frequency response, step response) and reduce sensitivity to parameter 
variations due to manufacturing or environmental uncertainties. A device without negative 
feedback will have a lot of gain, but very poor bandwidth, completely unsuitable for audio use. 
An electronic device with a lot of negative feedback will have a high bandwidth and little gain. 
Therefore, while feedback decreases the gain of an amplifier it can increase the bandwidth and 
the upper cutoff frequency. Without feedback the gain of an amplifier is simply its open loop 
gain, A while with feedback the gain become A$. 
---- - ----- 
i 
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Figure 2.8: Gain vs. frequency for a single-pole amplifier with and without feedback; comer 
frequencies are labeled. 
2.7 Previous Work 
The challenge of designing an 'Optical Wireless Receiver Amplifier Using Hybrid Bandwidth 
Enhancement' has been tackled in a numbers of methods. Many previous designs have been 
developed by designer using the transimpedance amplifier method to increase gain and 
bandwidth, of the receiver. 
2.7.1 Case Study 1 
Name/ Author : Feng-Tso Chien and Yi-Jen Chan 
Project title: 
Bandwidth Enhancement of Transimpedance Amplifier by a Capacitive-Peaking Design 
Summary: 
In this paper, they propose a capacitive-peaking (C-peaking) technique, instead of inductive 
peaking, to increase the bandwidth of a transimpedance amplifier. The reports of a peaking 
technique using capacitors are very few. Although some different types of the capacitance 
peaking have been proposed previously. An optoelectronic receiver, which usually consists of a 
photodetector and a transimpedance amplifier, is used to convert the optical signals into 
electrical signals in the front end of optical fiber communication. Based on that fact, we can 
design a larger bandwidth of a transimpedance amplifier. From this journal, they only discuss the 
ideal of capacitor peaking technique and also derive an analytical method to predict the amplifier 
performance. 
A TZ amplifier can be represented as a shunt shunt feedback amplifier, and the transfer 
function of this circuit is given by: 
where A(s) is the open-loop transfer function of the TZ amplifier and P(s) is the feedback transfer 
function or simply a feedback factor. Rf is the effective feedback resistance and Cf is the parasitic 
capacitance associated with Rf[l 11. Figure. 2.9(a) shows the schematic circuit of this C-peaking 
TZ amplifier. To analyze the peaking effect resulting fiom this peaking capacitor first, we derive 
the open-loop transfer functions before and after adding the respectively. Figure 2.9(b) shows the 
equivalent open-loop circuit of a TZ amplifier. 
Figure 2.9: (a) Circuit schematic of C-peaking transimpedance amplifier. (b) Equivalent open- 
loop circuit of transimpedance amplifier with and without a peaking capacitor. 
Based on the analytical calculation, a Butterworth-type TZ amplifier can be realized to 
increase its bandwidth. The measured TZ amplifiers demonstrate a linear gain of 0.95 K with a 
wide dynamic injected current. The 3-dB bandwidth of the TZ amplifier is enhanced from I .  1 to 
2.3 GHz by a C-peaking design without sacrificing its low-frequency gain. This approach 
provides an easy way to enhance the bandwidth of an optical receiving front end without further 
investing any sophisticated process equipment. 
2.7.2 Case Study 2 
Name / Author: A. Ramli, S. M. Idrus, A. S. M. Supa'at and S. S. Rais 
Project Title: 
Bandwidth Enhancement Technique using Series-Shunt Bootstrapping for Front-End Optical 
Wireless Receiver 
Summary: Bandwidth Enhancement Techniques 
An alternative scheme for bandwidth enhancement involves using bootstrapping technique 
[Hoyle C., 19991. This paper has presented a brief overview of four basic bootstrap 
configurations for the standard transimpedance amplifier, namely series and shunt for either 
floating or grounded sources. Examples of the series configuration have been previously 
reported with examples of designs at both transistor and op-amp level. This paper has presented 
a simple example of a new shunt bootstrap amplifier based on two operational amplifiers of the 
same type and shows that the techniques can be used to realize a faster response than is possible 
with a single amplifier alone. The bootstrap method may provide a viable design option for 
applications with high gain and requiring a wide bandwidth (where the bandwidth is limited by 
the parasitic effects of the input capacitance). 
a. The Shunt Bootstrap Circuit 
This circuit has an additional bufferlvoltage amplifier in parallel with the main transimpedance 
amplifier to allow the generation of a suitable 'forcing voltage' to keep the ac voltage drop across 
the input capacitance virtually zero. The two possible configurations for the Shunt BTA is either 
grounded or floating source. These circuits are shown in Figure 2.10(a) and Figure 2.10(b) 
respectively [Hoyle C., 19991. In Figure 2.10(a), the source is connected to ground. The 
capacitance associated with the source is shown in parallel as Cd. This source is connected to a 
transfer resistance circuit that comprises an amplifier of gain A2(s) with feedback components Rf 
and Cf in parallel. The output of the bootstrapping amplifier A1 is feedback via a coupling 
capacitor Cc, to keep the ac voltage drop across the source capacitance, Cd virtually zero. Figure 
2.10(b) shows the floating source configuration which, assuming appropriate bias conditions, can 
be connected directly to the source. 
Figure 2.10: (a) Grounded source and (b) Floating source of the Shunt BTA circuit 
b. The Series Bootstrap Circuit 
This circuit has an additional buffer amplifier in series with the main transimpedance amplifier 
for the generation of a suitable 'forcing voltage'. Again the two possible configurations can be 
either grounded or floating source are shown in Figure 2.1 1 (a) and Figure 2.1 1 (b) respectively. 
Figure 2.11(a) shows a simplified diagram of the grounded source circuit. The source is 
connected to a transfer resistance circuit that comprises amplifiers A2 and A1 with feedback 
components Rf and Cf in parallel. The amplifier A1 is a bufferlvoltage amplifier connected 
directly in series with A2. The output from A2 is feedback via a coupling capacitor C,, to keep 
the ac voltage drop across the capacitance, Cd virtually zero. The floating source configuration is 
shown in Figure 2.1 1 (b). 
Figure 2.11: (a) Grounded source (b) Floating source of Series BTA circuit 
The bootstrap principle was applied to a photodiode preamplifier circuit in order to assess 
whether the shunt circuit could indeed achieve an increase in bandwidth over the standard circuit 
while maintaining an adequate stability margin. The circuit diagram is shown in Figure 2.12. In 
the bootstrap circuit, the only feedback capacitance required to produce a near critically damped 
response was the parasitic capacitance possessed by the layout and feedback resistor. 
Figure 2.12: Floating source and Shunt BTA circuit 
The conclusion of that, several techniques to achieve wide dynamic range and broad bandwidth 
in optical wireless receiver design are discussed. Variable gain TIAs were commonly applied for 
wide dynamic range optical receiver while techniques to reduce detector input capacitance is 
essential in order to obtain broad bandwidth design. The important key is an ability to reduce the 
effective detector input capacitance which is the main limiting factor for bandwidth performance 
of such systems. 
CHAPTER 3 
rhis chapter discussed the methodology of this project based on the literature review study in 
Zhapter 2. The aim of this project is to design a wireless receiver amplifier circuit that can 
u-oduce large bandwidth and high gain for a range approximately to Giga hertz (Hz). In order to 
lchieve this goal, the project will use the concept of front-end (photodiode) and bootstrap 
echnique. 
Based on the objective to achievement on of approximately bandwidth of Giga Hertz 
~bove, some circuit have to be reconstruct and component value readjust until the result of 
landwidth and gain. This project have decided to use a hybrid bandwidth enhancement 
echnique. Bandwidth enhancement is a technique of improving the frequency response by 
educing the effect of device capacitance exemplified in the transimpedance amplifier, in which 
he effect of the device and stray capacitance are reduced according to the open loop gain: 
:ut-off frequency: 
1 
Khere: C = photodiode plus stray capacitance 
Rf = feedback resistance 
A = Open loop gain of the amplifier 
In addition, cascode technique a combination of common-emitter and common-base 
echnique have been proposed to the suggested design. While the C-B (common-base) amplifier 
s known for wider bandwidth than the C-E (common emitter) configuration, the low input 
mpedance of C-B is a limitation for many applications. The advantages of this cascade 
echnique are arrangement offers ,,high gain, high slew rate, high stability and high input 
mpedance. 
However, the perfonnance of such an amplifier is determined by open loop gain A and 
also its intrinsic bandwidth available for that gain to be maintain. In designing a suitable circuit 
for this 'receiver-amplifier circuit with gain and frequency response', the simulation of the 
design is done using 'Micro-cap 9 Spectrum Software' before the actual prototype is being 
fabricated. 
Micro-cap 9 is an integrated schematic editor and mixed analog or digital simulator that 
provides and interactive sketch and simulate environment for electronics engineers. Since its 
original release in 1982, Micro-cap has been steadily expanded and improved. Micro-cap 9, the 
ninth generation, blends a modern, intuitive interface with robust numerical algorithms to 
produce unparalleled level of simulation power and ease of use. 
3.1 Transimpedance Amplifier Using an FET (2N3822) 
An exemplified amplifier based on an FET, the 2N3822, is shown in Figure 3.1, and its 
frequency response, is modeled using Spice by means of Micro-cap, as shown in Figure 3.2. The 
change brought about by the transimpedance amplifier means that the original bandwidth for 
when using the particular photodiode into a 1KSZ load was around 8MHz, and after the amplifier 
the bandwidth is around 13.287MHz with low output impedance. Another possible solution to 
the need for capacitance reduction is by employment of a bootstrap approach, in which the 
"dVIdt" element of capacitive current reduced. This current clearly reduces the load current as 
the frequency rises, and bandwidth can only be recovered conventionally either by reducing the 
load resistance (and therefore reducing the output voltage), or by reducing the area of the 
detector to reduce its capacitance. An intrinsic region added to the basic photodiode structure 
improves both sensitivity and bandwidth by virtue of reduction capacitance, but there are then 
issues of transit time within the device. 
Figure 3.2: Frequency response of transimpedance stage 
An FET is a voltage controlled device, the ac equivalent circuit of it must contain a 
voltage controlled current source. There is special parameter of FETs called transconductance 
I factor (gm) and it is the slope of the transfer characteristics at the point of operation; it is 
~ 
1 represented in Siemens(S). This circuit used a voltage divider bias and self-bias circuit. The 
theoretical calculation of this circuit is as follows:- 
I 
I Vgs = Vi 
Assuming the value Idss = 8mA 
2 Idss 
Input impedance: Zi = R5//(R2 + jcoC3) 
Output impedance: Zo = = (R2//rd) but rd >>RD 
vo 
Gain: Av = - Vin 
- 
-gm. Vgs. Rd 
vgs 
3.2 Bootstrap Amplifier Using PET Transistor 
A bootstrap amplifier is shown in Figure 3.3 and the frequency response with gain is shown in 
Figure 3.4. This circuit is a combination of FET transistor and bootstrap technique. In this case, 
instead the capacitance reduction according to the gain of an amplifier (being high, and greater 
than unity in the case of a transimpedance amplifier), the amplifier has a gain near to unity and 
positive feedback is employed. Hence the closer A gets to unity, the smaller the effect of the 
diode capacitance and the greater the circuit bandwidth, assuming does not limit performance. 
However, in reality the input capacitance of the amplifier has quite an effect within the bootstrap 
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configuration. The effect of bootstrapping is reduced considerably when such capacitance is 
taken into account. For example, the circuit in Figure 3.3 have a 1 pF of extra input capacitance 
between the gate of the FET and signal ground can reduces the bandwidth by 15%. As the gate 
source capacitance of the FET is affected by the bootstrap process, the reason for lies in the gate 
drain capacitance. Furthermore, if the amplifier is reconfigured to provide gain to a drain load, 
then the miller capacitance effect further compounds the problem. The cut-off frequency is 1 .SO1 
MHz as shown in Figure 3.4. 
Figure 3.3: Bootstrap amplifier for reduction of capacitance effect. 
Figure 3.4: Frequency response and gain of bootstrap stage 
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